WHAT'S KNOWN ON THIS SUBJECT: The American Academy of Pediatrics has identified bedding such as pillows, blankets, and quilts as potentially hazardous for the infant sleep environment. Bedding use is a modifiable risk factor for sudden infant death syndrome and unintentional sleep-related suffocation.
WHAT THIS STUDY ADDS: Reported bedding use over or under the infant for infant sleep substantially declined from 1993 to 2010. However, about one-half of US infants are still placed to sleep with potentially hazardous bedding despite recommendations against this practice.
Rates of sudden infant death syndrome (SIDS), the leading cause of postneonatal mortality, have declined slowly in the United States since 2000, from 66.3 to 52.7 per 100 000 live births in 2010. 1 Concurrently, infant mortality related to unintentional sleep-related suffocation, the leading cause of infant mortality from injury, has increased more than twofold, from 7.0 per 100 000 live births in 2000 to 15.9 per 100 000 live births in 2010. Blankets, quilts, and pillows are examples of bedding that can be potentially hazardous to infants if under or around them during sleep. Soft objects and loose bedding such as these items can obstruct the infant airway and pose a suffocation risk. In addition, this type of bedding is a recognized risk factor for SIDS. Because of these risks, the American Academy of Pediatrics (AAP) recommends that soft objects and loose bedding be removed from the infant sleep area. 2, 3 A US study showed that certain types of bedding increased the odds for SIDS approximately fivefold. 4 This finding is consistent with studies from the United States, Europe, New Zealand, and Australia in which adjusted odds ratios (aORs) for SIDS and the use of these types of bedding ranged from 3.1 to 6.7. [5] [6] [7] [8] [9] [10] [11] [12] [13] Recommendations about the avoidance of bedding in the sleep environment were first issued in 1996 when the AAP advised that infants be placed to sleep in environments free of soft surfaces and gas-trapping objects. 14 In April 1999, the Consumer Product Safety Commission, the National Institute of Child Health and Human Development, and the AAP Task Force issued a safety alert recommending that infants "be placed to sleep on their backs on a firm, tight-fitting mattress in a crib that meets current safety standards and that pillows, quilts, comforters, sheepskins and other pillow-like soft products be removed from the crib." 15 In 2000, the AAP more strongly recommended against the use of bedding. 16 The proportion of US infants who are placed to sleep with bedding such as pillows, blankets, and quilts is unknown. Understanding caregiver behavior related to infant sleep practices and how it has changed can inform the refinement and promotion of interventions aimed at reducing unsafe practices. In the present study, we used data from the NISP (National Infant Sleep Position) Study 17, 18 to estimate the prevalence of reported use of certain types of bedding and examine trends from 1993 to 2010 (overall and according to race/ ethnicity). We also investigated characteristics associated with bedding use from 2007 to 2010.
METHODS

The NISP Study
The NISP methods have been reported previously. 17, 18 Briefly, NISP was an annual, cross-sectional telephone survey conducted from 1993 to 2010. A random sample of households in the continental United States with infants aged ,8 months was chosen from a purchased list containing public information from birth records, infant photography companies, and formula companies. During a telephone interview, nighttime caregivers answered questions about infant sleeping practices (eg, sleep position, location for sleep, use of potentially hazardous bedding) and sociodemographic characteristics. Most respondents (80%) were mothers. Given the increased risk of sleep-related infant deaths in certain racial and ethnic groups, 2,4 all respondents were asked to self-report maternal race and ethnicity. The NISP sample underrepresented mothers of black race and Hispanic ethnicity, teenagers, and those with less than a high school education. 17 Annual sample size ranged from 1012 to 1188, but an exact response rate could not be calculated because the eligibility status for those refusing the interview was unknown. However, assuming those who refused had the same eligibility proportion as those who participated, the average response rate would be 71% (ranging from 78% in 1993 to 46% in 2010).
Main Outcome and Measures
The main outcome for this analysis was reported usual use of certain types of bedding under the infant or covering the infant while sleeping in the last 2 weeks. Caregivers were asked, "During the past 2 weeks, which of the following items were usually under [infant] while [he/she] slept? Please answer yes or no to each one." Based on the guidelines from the AAP, 2 affirmative responses for blanket, bean bag, waterbed, rug, sheepskin, cushion, sleeping bag, or pillow were classified as having used bedding under the infant. Caregivers were also asked, "During the past 2 weeks, which of the following were usually used to cover [infant] when [he/she] slept at night? Please answer yes or no to each one." Affirmative responses to sheet, blanket, quilt/ comforter, sheepskin, pillow, or other were classified as bedding over the infant or used to cover the infant. Caregivers who answered "blanket" were also asked if the blanket was thicker than a receiving blanket. If the caregiver responded that any of these items were used (excluding sheets and blankets not thicker than a receiving blanket), the infant was classified as having used bedding as a cover. Our definition excluded thin blankets because the AAP had not recommended the removal of thin blankets during the study period.
Statistical Analysis
For each year, the prevalence of bedding use in the sleeping environment was calculated. We further examined the frequency of use according to type, race and ethnicity, and survey year. Trends for bedding use by race or ethnicity were calculated and plotted by using 3-year moving averages. To test if the trend was statistically significant, logistic regression was used to model the association between the year and bedding use. Because the decline in SIDS rates that occurred after the launch of the Back to Sleep Campaign in 1994 has been less dramatic after 2000, 19 we investigated if trends in bedding use differed in 1993-2000 compared with 2001-2010. To perform this analysis, we used piecewise logistic regression with a term modeling a change in the odds ratio (OR) for survey year. To investigate these trends according to race and ethnicity, we included an interaction term into the piecewise model and estimated the differences with corresponding contrasts.
Finally, to understand current bedding practices, the most recently available data (2007-2010) were examined. First, we investigated the bedding use in conjunction with other unsafe sleep practices. We calculated the proportion of infants using bedding over or under them by sleep location (crib, bassinet, adult bed, or other), usual sleep position (side, stomach, or back), and whether the infant was in bed alone (yes or no). Second, we examined the independent association of the bedding use with maternal age, education, race and ethnicity, parity, and geographic region; infant gender, age, and preterm birth (,37 weeks); and survey year. We calculated crude ORs and adjusted ORs (aOR) and 95% confidence intervals (CIs) by using multivariable logistic regression. All variables listed were included in the adjusted model. We also looked at factors for all study years but did not observe any major changes in the importance of sociodemographic factors and their association with the bedding use.
All analyses were conducted with commercially available software (SAS version 9.2; SAS Institute, Inc, Cary, NC). Two-sided P values ,.05 were considered statistically significant. Because simple random sampling is considered a self-weighted design, sample weights were not applied. The study was reviewed and approved by the institutional review boards of Boston University School of Medicine and Yale University School of Medicine.
RESULTS
Sample Characteristics
From 1993 to 2010, a total of 18 952 participants completed the NISP questionnaire. At interview, nearly two-thirds of the infants were aged $16 weeks (62.5%) and most had white mothers (83.3%) ( Table 1) . About one-half of the infants' mothers were aged $30 years (47.2%), had at least a college education (45.3%), and had a previous child (51.9%). The distributions of these characteristics were similar across study years. Over time, the average prevalence of bedding use varied according to sociodemographic characteristics; prevalence was highest for infants of teen-aged mothers (83.5%) and lowest for infants born at term (55.6%). The most notable differences occurred for maternal age, race and ethnicity, and education, as well as preterm birth status.
Types of Bedding Used
From 1993 to 2010, the prevalence of bedding use varied by type ( Table 2) . The most frequently reported types of bedding covers were thick blankets (37.6%) and quilts/comforters (19.9%). Blankets (29.2%) and cushions (3.7%) were the most frequently reported type of bedding placed under the infant. The percentage of infants covered with thick blankets or quilts/comforters declined significantly (P , .0001) from 1993 through 2010. Using 3-year moving averages and comparing 1993-1995 versus 2008-2010, use of thick blanket coverings declined from 56.0% to 27.4% and use of quilt/ comforter coverings declined from 39.2% to 7.9%. For blankets and cushions under infants, prevalence ranged from 25.5% to 31.9% for blankets and 3.1% to 4.6% for cushions, but no statistically significant declines were observed. Other items under or covering infants were reported ,2% of the time for each year.
Trends in Any Type of Bedding Use
There was a statistically significant decline in reported bedding use (over or under the infant) from 1993 to 2010. Figure 1 shows a decrease in a 3-year moving average from 85.9% to 54.7% over the study period. This finding corresponds to a 10% decline in the odds of bedding use per year (OR: 0.90 [95% CI: 0.89-0.90]). For each racial and ethnic group, we also observed a significant decreasing trend.
To determine if the trend differed in the 1993-2000 period compared with the 2001-2010 period, piecewise analyses were conducted. For each racial and ethnic group, the rate of decline of bedding use over or under the infant was significantly greater from 1993-2000 compared with 2001-2010 (P , .001 for white and black subjects, P = .02 for Hispanic subjects). From 1993 to 2000, each racial and ethnic group had statistically significant declines (22% to 23% per year) in the odds of bedding use. In contrast, from 2001 to 2010, the declines were less apparent. White and Hispanic infants showed a statistically significant but modest decline (5% to 7% per year) in the latter decade. Among black infants, there was no significant decline during this period.
Bedding Use and Other Unsafe Sleep Factors
To describe characteristics related to recent infant sleep practices, we restricted our analyses to 2007 to 2010. During this time, most respondents reported that infants slept with some type of bedding (54.2%), slept in a crib or bassinet (74.2%), were placed to sleep supine (72.6%), and did not share a sleep surface (ie, they slept alone) (86.5%) ( Table 3 ). When we examined bedding use in conjunction with other sleep practices, we found that regardless of sleep location, sleep position, and bed-sharing status, bedding use was consistently close to $50%. Bedding use was most prevalent among infants sleeping in adult beds (71.5%), placed to sleep on their sides (66.1%), and sharing a sleep surface (70.0%).
Demographic and Other Factors Associated With Bedding Use
The prevalence of bedding use over or under the infant and the results of the multivariable analysis for 2007 to 2010 are shown in Table 4 . The prevalence exceeded 50% for all groups, except for infants with mothers who had a college education or more (46.4%). Infants of mothers who were teenagers and with less than a high school education had the highest prevalence of bedding use (77.1% and 72.6%, respectively). The strongest independent factors associated with bedding use (aOR: $1.5) were maternal age (, 20 
DISCUSSION
Despite a substantial decline in reported use of bedding from 1993 to 2010, this potentially hazardous practice remains common, with ∼50% of US caregivers reportedly placing their infants to sleep with some type of bedding. To the best of our knowledge, the prevalence of US infants placed to sleep in environments with bedding has not been previously reported. Depending on sociodemographic characteristics, this practice ranged from 46% to 77% during 2007 to 2010. The lowest prevalence occurred in infants with college-educated mothers and the highest occurred in infants with teenaged mothers; however, nearly one-half of college-educated mothers put their infants to bed with some type of bedding. Racial and ethnic differences were also observed; infants with black or Hispanic mothers had higher rates than infants with white mothers. Notably, use of bedding was most prevalent among infants in adult beds, while side sleeping, and on shared sleep surfaces. Interestingly, Colson et al, 17 by using these same data, reported that 86% of infants who usually shared a bed did so on an adult mattress. Finally, the strongest independent predictors of bedding use were young maternal age, nonwhite race and ethnicity, and not being college educated.
Reasons for the high prevalence of bedding use, even with recommendations against this potentially hazardous sleep practice dating back to 1996, are unknown. However, caregiver beliefs and perceptions likely play a role. In a small, qualitative study of black parents from Washington, DC, and Maryland, 20 perceived infant comfort (warmth and softness) was the most frequently reported reason to use certain types of bedding, regardless of socioeconomic status or educational level. Although some black mothers expressed that blanket use might increase suffocation risk, these same mothers believed that blankets could be used safely if placed away from the infant's head or neck or if they had breathing holes (eg, crocheted). Another reason that mothers used bedding was to prevent falls from a bed or a sofa by having pillows act as barricades. Media messages targeted toward pregnant women and mothers of infants may also be related to the high prevalence of using certain types of bedding. Joyner et al 21 evaluated images from popular magazines targeted to women of childbearing age and found that more than two-thirds of these images showed infants sleeping with potentially hazardous bedding (eg, blankets, pillows). Seeing images such as these may reinforce beliefs and perceptions that having these items in the infant sleep area is not only a favorable practice but also the norm.
It is noteworthy that the rate of decline in bedding use was markedly less from 2001-2010 compared with 1993-2000. This pattern of an early decline followed by a plateau is similar to that observed for sleep position, as well as SIDS rates. 17, 19 Although we cannot explain why the decline was greater in the earlier period than in the later period, the decline follows 1996 AAP recommendations to avoid potentially hazardous bedding (ie, keep the infant sleep environment free of soft surfaces and gas-trapping objects). 14 In 1999 and 2000, several national organizations explicitly stated that pillows, quilts, comforters,
FIGURE 1
Prevalence of the use of bedding according to race and ethnicity: 3-year moving averages, NISP, 1993 to 2010. Bedding refers to certain types of bedding reported under the infant (blanket, bean bag, waterbed, rug, sheepskin, cushion, sleeping bag, or pillow) or covering the infant (blanket, quilt/ comforter, sheepskin, pillow, or other) while sleeping in last 2 weeks. Covers exclude sheets and blankets not thicker than a receiving blanket. sheepskins, and other pillow-like soft products be removed from the crib. 15 The lack of further emphasis after 2000 through 2010 may explain differences in the rate of decline during the 2 periods. Interestingly, we also observed a greater decline in bedding use over the infants (quilts/ comforters and thick blankets) compared with bedding (blankets) under the infants. This finding raises a concern that parents may incorrectly perceive the recommendations as only pertaining to items covering or around the infant and not include items under the infant.
We found that Hispanic and black infants had a higher prevalence of bedding use compared with white infants. Similar racial and ethnic patterns are noted for other strong risk factors for SIDS, such as prone sleep and bed-sharing. 2 Why Hispanic infants have infant mortality rates of SIDS and sleep-related suffocation that are similar to white infants, but not black infants, is unclear. Some possible reasons for differences in mortality are that black mothers, relative to Hispanic mothers, have lower breastfeeding, higher smoking, and higher preterm birth and low birth weight rates, which are all risk factors for SIDS. 2, 22 Future studies directed at better understanding this inconsistency may provide important clues about new or poorly understood risk factors for SIDS and sleep-related suffocation, especially among black subjects.
Although the present study fills a knowledge gap regarding the US prevalence of and characteristics associated with bedding that is potentially hazardous, there are some limitations. First, generalizability of our findings may be limited due to the overrepresentation of white, higher educated, and older age mothers in the study sample. Second, the declining response rate in the later years may not only limit generalizability but may also result in biased prevalence estimates. Concerns about declining response rates for telephone surveys have increased in recent years. 23 As with other surveys with low response rates, our findings, especially in the later years, should be interpreted with caution. Nonetheless, our study did show that the use of bedding in the sleeping environment was high regardless of socioeconomic status (ie, ∼50% even for white, higher educated, and older age mothers). Third, because the measure of bedding use relied on self-report, actual practices may not be reflected; however, it is likely that we have underestimated prevalence. Fourth, our study was limited to questions about nighttime practices, and we do not know if daytime caregivers have different behaviors or practices. Finally, although we were unable to ascertain the specific softness of each bedding item reported, the AAP recommendations 2 specifically mention quilts and thick blankets, which are unambiguously soft. Moreover, cushions or waterbeds, which may be of uncertain softness, were relatively few in number and unlikely to change the study conclusions.
CONCLUSIONS
This large cross-sectional survey is the only data source currently available to monitor US infant sleep practices at a national level. The use of certain types of bedding in the infant sleep environment is a modifiable risk factor for SIDS and unintentional sleep-related suffocation. To reduce risk, the AAP recommends that soft objects and loose bedding such as pillows and pillow-like toys, quilts, comforters, and sheepskin not be placed in an infant's sleeping environment. 2 However, despite such recommendations, the use of bedding over and under the infant for sleep seems to have remained a common practice. Understanding trends and characteristics associated with bedding use is important for tailoring prevention strategies to reach those at highest risk.
Interventions that focus on the safe sleep environment, such as the Safe to Sleep campaign, 24 need to be implemented and evaluated to see if they reduce the risks of sleep-related infant deaths.
